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Abstract 
The goal has been to develop a Love-wave device and a PDMS microfluidic chip in order to measure 
immunoreactions in liquid media, operating in dynamic mode (continuous flow-through). The obtained results have 
been compared with the most used acoustic wave device, the quartz crystal microbalance (QCM), which worked in 
static mode. It has been demonstrated once again that QCM is an excellent tool as immunosensor, although Love-
wave device is a good alternative due to its high sensitivity. Besides, the response time and limit of detection are 
improved working in dynamic mode. On the other hand, a secondary antibody conjugated with gold nanoparticles has 
been used as a method to measure concentrations of antigens obtaining a great frequency shift. 
© 2012 Published by Elsevier Ltd. 
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1. Introduction 
The systems based on immunoreaction of antibody-antigen binding recognition (also called 
“immunosensors”) generally rely on highly sensitive devices to translate the biological recognition event 
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into a physical magnitude variation in real time. On the other hand, the acoustic wave (AW) sensors are 
reusable, with high sensitivity [1,2] and cheap systems of measure. Therefore an immunosensor based on 
AW devices with very high sensitivity can be a good solution for the detection of antigens in real time. 
2. Materials and Methods 
2.1. Love-wave immunosensor 
The used Love-wave sensors are based on a shear horizontal surface acoustic waves propagated on ST-
cut quartz and guided in a 3.5 µm film of SiO2, being the synchronous frequency of 163 MHz.  
The microstructure of PDMS and the Love wave device form microchannels of 150 µm of height. 
Previously, Comsol software was used to simulate the flow of the liquid due to microchannel shape and
therefore to achieve a uniform velocity in the path between the IDTs (Fig. 1).  
In order to keep the temperature constant at 30°C, a Peltier device was used. 
Fig. 1. Love-wave device with two delay lines and microfluidic chip. 1) contacts, 2) IDTs, and 3) microchannels. Simulation of 
velocity of the liquid in the microchannel (in red the highest velocity and in blue the lowest one). 
2.2. Quartz microbalance (QCM) immunosensor 
Gold-terminated QCMs from KSV Instruments were used. The frequency of the first resonance mode 
was 5 MHz and the active area was 10 mm2. Chromium films of 40 nm thick were deposited on one side. 
The impedance response of the QCM, from the third to the eleventh overtones, was registered using a 
QCM-Z500 microbalance system, which determined the resonance frequency and the dissipation factor. 
The QCM cell was temperature-controlled at 25 °C by means of a Peltier element. 
2.3. Functionalization protocol 
The sensor surfaces were functionalized according to the following steps: 
• First, the oxidation of SiO2 surface was performed by depositing fresh piranha etch (H2SO4:H2O2, 3:1, 
v/v) for 5 min. After rinsing in water, the surface was hydrophilic. 
• The devices were immersed in a 20 mM 3-aminopropyl triethoxysilane (APTES) solution in toluene 
for 1 hour, followed by a thorough cleaning in toluene and isopropanol.  
• Next, the APTES-modified surface reacted with a 20 mM glutaraldehyde (GA) solution for 1 h, 
followed by rinsing with water and drying with nitrogen. GA was used as a homo-bifunctional cross-
linker between the amine groups of the APTES and the primary amines of the immunoglobulins. 
2.4. Measurement protocol 
The measurement protocol was the same for Love-wave and QCM devices (Fig. 2): 
• The buffered solution was introduced to stabilize the frequency. 
• Then, the polyclonal antibodies (goat antirabbit 100 µg·ml-1) were grafted. 
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• Next, the functionalized surface was block with bovine serum albumin (BSA). 
• And finally, the target antigens (rabbit immunoglobulin) were detected. 
3. Results and Discussion 
The frequency shift of the QCM sensor (Fig. 2a) after grafting the antibodies was 34±1.4 Hz, and for 
the Love-wave sensor (Fig. 2b) was 37±1.5 kHz. The equivalent mass surface density to the linked 
antibodies is 602 ng·cm-2 [3], therefore the mass sensitivity [4] for the QCM is Smf =1.1 m2·Kg-1 and for 
the Love-wave sensor Smf =38 m2·Kg-1. 
        
(a) (b) 
Fig. 2. Frequency shift of the inmunosensors for the following steps: i) 100 µg·ml-1 of polyclonal goat antirabbit, ii) BSA and iii) 5 
µg·ml-1 rabbit immoglobuline, rinsing with buffered solution between steps. (a) QCM sensor and (b) Love-wave sensor.
The main difference, between the used static and dynamic modes for QCM sensor and Love-wave 
sensor respectively, is that in static mode the very slow diffusion of antigen causes that only the antigens 
close to the antibodies are linked for the time of measurement (Fig. 3a), without reaching the saturation 
and remaining unreacted antigens. In dynamic mode for all tested concentrations, the frequency shift 
tends asymptotically to the saturation (Fig. 3b), each one with different velocity (Fig. 4), being the 
response time and limit of detection improved due to the increase of linked antigens. The use of 
microchannels allowed working with an appropriate rate to very low flow (3 µl/min).  
                 
(a) (b) 
Fig. 3. Frequency shift for the tested different concentrations, in real time, of antigen. (a) QCM immunosensor and (b) Love-wave 
immunosensor. 
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(a)         (b) 
Fig. 4. (a) Frequency shift average of two measurements due to different concentrations of antigen. (b) Frequency shift per minute 
measured for the first three minutes of the detection. 
Finally, after the antigen immobilization, a secondary antibody conjugated with gold nanoparticles has 
been linked to the antigen in a different epitope. A great frequency shift (37 kHz for saturated antigen) 
has been obtained due to the nanoparticle mass. In addition, these 10 nm gold nanoparticles allowed 
studying the results by scanning electron microscope (SEM). 
4. Conclusions 
The QCM is a well-established device as immunosensor. Therefore, the same immunoreaction was 
carried out with QCM and Love-wave devices. The Love-wave device has shown greater sensitivity 
compared with the QCM one. This fact allows measuring lower concentrations of antigens. 
The displacement of bioagents in the static mode is only due to diffusion, therefore the number of 
interactions of antibodies with antigens is not promoted. However, in the dynamic mode the antigens are 
carried by the liquid medium favouring the number of interactions between antibodies and antigens. 
Furthermore, the microchannels allowed working in dynamic mode, and therefore it is possible to use a 
small sample volume for a long period of time. 
The use of secondary antibodies conjugated with gold nanoparticles, show large frequency shifts due 
to the mass of nanoparticles, and can observe the immunoreactions using a scanning electron microscope. 
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